U.S. Express Mail Label No.: EH 954 249 158 US 



15.36/5659 



DRIVER CIRCUITS AND METHODS FOR MANUFACTURING 

DRIVER CIRCUITS 

Inventor: SatoshilTO 

Applicants hereby incorporate Japanese Patent Application No. 2000-062305, filed 
March 7, 2000, in its entirety. Applicants hereby incorporate Japanese Patent Application 
No. 2000-375104, filed December 8, 2000, in its entirety. 

Technical Field 

The present invention relates to driver circuits having a plurality of transistors and 
methods for manufacturing the same in which a single drive signal is applied to each of the 
transistors to drive the transistors to thereby drive a load, and more particularly to driver 
circuits and methods for manufacturing the same that can effectively prevent a delay in a 
response to the input of the drive signal. 

Related Art 

One example of a conventional high-output driver circuit that drives a load is shown 
in Fig. 10. Fig. 10 shows a plan view of the conventional driver circuit as viewed in a 
direction in which layers are stacked. 

The driver circuit is formed from a semiconductor integrated circuit with a multiple 
wiring layered structure. For example, as shown in Fig. 10, the driver circuit has four 
transistors T ri - T r 4. A single drive signal is applied to each of the transistors T r i - T r4 to 
drive the transistors T ri - T r4 to thereby drive a load. More particularly, the semiconductor 
integrated circuit forming the driver circuit is formed from a semiconductor substrate, a 
dielectric layer formed over the semiconductor substrate and a wiring layer formed over the 
dielectric layer (not shown). 

Gate electrodes Gi - G 4 are formed on the semiconductor substrate. The gate 
electrodes Gi - G 4 are formed from polysilicon or polycide including polysilicon are formed 
for the respective transistors T r i - T r4 . A signal line L s composed of an aluminum alloy is 
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formed in the wiring layer for supplying the drive signal. The signal line L s is formed with 
a segment that perpendicularly traverses the gate electrodes Gi - G4 such that the signal line 
L s passes end sections of the gate electrodes Gi - G4. Contact holes Hi - H 4 for connecting 
the gate electrodes Gi - G4 to the signal line Ls are formed at intersections of the gate 
5 electrodes Gi - G4 to the signal line L s . 

Problems With the Related Art 

In the conventional driver circuit described above, each of the gate electrodes Gi - 
G4 has a relatively large gate width and is formed from polysilicon that has a relatively high 
10 sheet resistance. Also, the drive signal is inputted to each of the gate electrodes Gi - G 4 
through a single contact hole. As a result, problems occurs in that it takes time for the input 
signal to reach the entire area of the gate electrodes, and therefore a delay occurs in 
responding to the input of the drive signal. 

15 Summary 

Embodiments include a driver circuit including a semiconductor integrated circuit 
having a transistor in which a drive signal is applied to the transistor to drive the transistor to 
thereby drive a load. The driver circuit comprises a signal line that supplies the drive signal, 
the signal line being separated from the transistor by a dielectric layer. The driver circuit 
20 also includes at least two connection sections that connect the signal line to a gate electrode 
of the transistor, the connection sections being provided in a width direction of the gate 
electrode. 

Embodiments also include to a driver circuit comprising a semiconductor integrated 
circuit having a plurality of transistors in which a single drive signal is applied to each of the 
25 transistors to drive the transistors to thereby drive a load. The driver circuit comprises a 
signal line that supplies the drive signal, the signal line being separated from each of the 
transistors by a dielectric layer. The driver circuit also includes at least two connection 
sections that connect the signal line to a gate electrode of at least one of the transistors, the 
connection sections being provided in a width direction of the gate electrode. 
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Embodiments also include a driver circuit comprising a semiconductor integrated 
circuit having a plurality of transistors in which a single drive signal is applied to each of the 
transistors to drive the transistors to thereby drive a load, wherein the driver circuit includes 
a signal line that supplies the drive signal, the signal line being separated from each of the 
5 transistors by a dielectric layer; and connection sections for connecting the signal line to a 
gate electrode of each of the transistors, the connection sections being provided in a width 
direction of the gate electrode, wherein at least two of the plurality of transistors have a 
different number of connection sections. 

Embodiments also include a method for manufacturing a driver circuit including a 

10 semiconductor integrated circuit having a plurality of transistors in which a single drive 
signal is applied to each of the transistors to drive the transistors to thereby drive a load. 
The method includes forming a gate electrode for each of the transistors on a substrate that 
includes a semiconductor region. The method also includes forming a dielectric layer over 
the transistors. The method also includes forming contact holes in the dielectric layer for 

15 connecting signal lines that supply the drive signal to the gate electrodes, the signal lines 
being located in a layer above the dielectric layer. The method also includes forming the 
signal lines over the dielectric layer. In addition, two or more of the contact holes are 
formed for at least one of the plurality of transistors in the contact hole forming step. 

20 Brief Description of the Drawings 

Embodiments of the invention are described with reference to the accompanying 
drawings which, for illustrative purposes, are schematic and not necessarily drawn to scale. 

Fig. 1 is a plan view of a driver circuit 10 as viewed in a direction in which the layers 
are stacked in accordance with an embodiment of the present invention. 
25 Figs. 2(a) - 2(c) are cross-sectional views taken along a line A - A', B - B' and C - 

C 9 or Fig. 1, respectively. 

Fig. 3 is an enlarged view of an area indicated by a broken line of Fig. 1. 

Fig. 4 is a cross-sectional view taken along a line A - A' of Fig. 3. 

Fig. 5 is a cross-sectional view taken along a line B - B' of Fig. 3. 
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Fig. 6 is a time chart indicating a drive signal and output signals for an embodiment 

of the present invention. 

Fig. 7 is a plan view of a driver circuit 10 as viewed in a direction in which the layers 
are stacked in accordance with an embodiment of the present invention. 

Fig. 8 is an enlarged view of an area indicated by a broken line of Fig. 7. 

Fig. 9 is a time chart indicating a drive signal and output signals for an embodiment 
of the present invention. 

Fig. 10 is a plan view of a conventional driver circuit as viewed in a direction in 

which the layers are stacked. 

Detailed Description 

Certain embodiments of the present invention relate to driver circuits and methods 
for manufacturing the same that effectively inhibit or prevent a delay in a response to an 

input of a drive signal. 

One aspect of certain embodiments relates to a driver circuit which comprises a 
semiconductor integrated circuit having a transistor in which a drive signal is applied to the 
transistor to drive the transistor to thereby drive a load, the driver circuit comprising: a 
signal line that supplies the drive signal, the signal line being separated from the transistor 
by a dielectric layer; and at least two connection sections that connects the signal line to a 
gate electrode of the transistor, the connection sections being provided in a width direction 
of the gate electrode. 

With the structure described above, the drive signal from the signal line is inputted in 
the gate electrode through at least the two connection sections that are provided in the width 
direction of the gate electrode. As a result, the time for the input signal to reach the entire 
area of the gate electrode is shortened, and a response to an input of the drive signal 
becomes relatively faster, compared to the conventional structure. 

Furthermore, a driver circuit in accordance with a second aspect of certain 
embodiments of the present invention comprises a semiconductor integrated circuit having a 
plurality of transistors in which a single drive signal is applied to each of the transistors to 
drive the transistors to thereby drive a load, the driver circuit comprising: a signal line that 
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supplies the drive signal, the signal line being separated from each of the transistors by a 
dielectric layer; and at least two connection sections that connect the signal line to a gate 
electrode of at least one of the transistors, the connection sections being provided in a width 
direction of the gate electrode. 

5 With the structure described above, the drive signal from the signal line is inputted in 

at least one of the gate electrodes through at least the two connection sections that are 
provided in the width direction of the gate electrode. As a result, the time for the input 
signal to reach the entire area of the gate electrodes is shortened, and a response to an input 
of the drive signal becomes relatively faster, compared to the conventional structure. 

10 Furthermore, in a driver circuit in accordance with a third aspect of certain 

embodiments of the present invention, each of the transistors in the driver circuit of the 
second aspect described above is provided with two or more connection sections. 

With the structure described above, the drive signal from the signal line is inputted in 
each of the gate electrodes through at least the two connection sections that are provided in 

15 the width direction of the gate electrode. As a result, the time for the input signal to reach 
the entire area of the gate electrodes is shortened, and a response to an input of the drive 
signal becomes relatively faster, compared to the conventional structure. 

Furthermore, in a driver circuit set forth in accordance with a fourth aspect of certain 
embodiments of the present invention, two or more connection sections are provided for 

20 each of the transistors except one of the transistors in the driver circuit of the second aspect 
described above. 

With the structure described above, the drive signal from the signal line is inputted in 
all of the gate electrodes except one of the gate electrodes through at least the two 
connection sections that are provided in the width direction of each of the gate electrodes. 
25 As a result, the time for the input signal to reach the entire area of the gate electrodes is 

shortened, and a response to an input of the drive signal becomes relatively faster, compared 
to the conventional structure. 

Furthermore, in a driver circuit set forth in accordance with a fifth aspect of certain 
embodiments of the present invention, at least two of the plurality of transistors of the driver 
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circuit of any one of the second, third or fourth aspects described above have different 
numbers of connection sections. 

With the structure described above, the drive signal from the signal line is inputted in 
at least two of the transistors through the connection sections that are provided in different 
5 numbers. As a result, the input signal reaches the entire area of each of the respective gate 
electrodes in different times. Accordingly, switching for the transistors start at different 
timings. 

It is noted that at least two of the plurality of transistors may be provided with the 
connection sections in different numbers. For example, when five transistors are provided, 

10 one of the five transistors may have two connection sections, and each of the remaining four 
transistors may have three connection sections. Alternatively, each of the five transistors 
may have different numbers of connection sections. 

Furthermore, a driver circuit set forth in accordance with a sixth aspect of certain 
embodiments of the present invention comprises a semiconductor integrated circuit having a 

15 plurality of transistors in which a single drive signal is applied to each of the transistors to 
drive the transistors to thereby drive a load, the driver circuit comprising: a signal line that 
supplies the drive signal, the signal line being separated from each of the transistors by a 
dielectric layer; and connection sections for connecting the signal line to a gate electrode of 
each of the transistors, the connection sections being provided in a width direction of the 

20 gate electrode, wherein at least two of the plurality of transistors have a different number of 
connection sections. 

With the structure described above, the drive signal from the signal line is input in at 
least two of the transistors through the connection sections that are provided in different 
numbers. As a result, the input signal reaches the entire area of each of the respective gate 
25 electrodes in different times. Accordingly, switching for the transistors start at different 
timings. 

Furthermore, in a driver circuit set forth in accordance with a seventh aspect of 
certain embodiments of the present invention, each of the transistors of the driver circuit in 
aspects 5 or 6 described above is provided with the connection sections in different numbers. 



6 



U.S. Express Mail Label No.: EH 954 249 158 US 1536/5659 

With the structure described above, the drive signal from the signal line is inputted in 
each of the transistors through the connection sections that are provided in different 
numbers. As a result, the input signal reaches the entire area of each of the respective gate 
electrodes in different times. Accordingly, switching for the transistors start at different 
5 timings. 

Moreover, a method is provided in accordance with an eigth aspect of certain 
embodiments of the present invention for manufacturing a driver circuit including a 
semiconductor integrated circuit having a plurality of transistors in which a single drive 
signal is applied to each of the transistors to drive the transistors to thereby drive a load. 

10 The method comprising: a gate electrode forming step for forming a gate electrode for each 
of the transistors on a substrate that includes a semiconductor region; a dielectric layer 
forming step for forming a dielectric layer over the transistors; a contact hole forming step 
for forming contact holes in the dielectric layer for connecting signal lines that supply the 
drive signal to the gate electrodes, the signal lines being located in a layer above the 

15 dielectric layer; and a wiring layer forming step for forming the signal lines over the 

dielectric layer, wherein two or more of the contact holes are formed for at least one of the 
plurality of transistors in the contact hole forming step. 

It is noted that the contact hole forming step may be conducted in any manner so 
long as at least one of the plurality of transistors has two or more contact holes. For 

20 example, in accordance with one embodiment, two or more contact holes may be formed for 
each of the transistors. 

Also, in the contact hole forming step in accordance with a ninth aspect of certain 
embodiments of the present invention, two or more contact holes may be formed for each of 
the transistors except one of the transistors. 

25 Also, in the contact hole forming step in accordance with still another aspect of 

certain embodiments of the present invention, at least two of the transistors are provided 
with contact holes in different numbers. 

As a result, switching for at least two of the plurality of transistors start at different 
timings. Accordingly, compared to the method for manufacturing a driver circuit set forth in 

30 the eigth aspect described above, additional effects are obtained. For example, the voltage 
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on a power supply line that supplies a current to the transistors does not greatly shift, the 
current noise is reduced, and noises are difficult to be generated on the output. 

In particular, in case of a high output transistor that has a relatively large gate width, 
greater effects are obtained in increasing the switching speed and differentiating the 
5 switching timings. Accordingly, the application of certain embodiments of the present 
invention is more preferable in the case of a high output transistor. 

Also, in the contact hole forming step in accordance with still another aspect of 
certain embodiments of the present invention, all of the transistors may be provided with 
contact holes in different numbers. 
10 A first embodiment of the present invention is described below with reference to the 

accompanying drawings. Figs. 1 through 5 show a driver circuit and a method for 
manufacturing a driver circuit in accordance with the first embodiment of the present 
invention. 

In the driver circuit that is formed from a semiconductor integrated circuit with a 

15 multiple wiring layered structure and the method for manufacturing the same in accordance 
with the embodiment, the present invention is applied to inhibit or prevent a delay in a 
response to an input of a drive signal in the driver circuit. As shown in Fig, 1, the driver 
circuit has transistors T r i - T r 4. A single drive signal is applied to each of the transistors T ri 
- T r4 to drive the transistors T r i - T r4 to thereby drive a load. 

20 First, a driver circuit 10 in accordance with the present embodiment is described with 

reference to Figs. 1 and 2. Fig. 1 is a plan view of the driver circuit 10 as viewed in a 
direction in which the layers are stacked. Figs. 2(a) - 2(c) are cross-sectional views taken 
along a line A - A', line B - ET and line C - C of Fig. 1, respectively. 

As shown in Figs. 1 and 2 (a) - 2(c), the driver circuit 10 is formed from a 

25 semiconductor integrated circuit with a multiple wiring layered structure. For example, the 
driver circuit 10 has four transistors T r i - T r 4. A single drive signal is applied to each of the 
transistors T r i - T r4 to drive the transistors T r i - T r4 to thereby drive a load. More 
particularly, as shown in Figs. 2(a) - 2(c), the semiconductor integrated circuit forming the 
driver circuit 10 is formed from a semiconductor substrate 1 1, a dielectric layer 14 formed 

30 over the semiconductor substrate 1 1 and a wiring layer formed over the dielectric layer 14. 
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Gate electrodes Gi - G4 are formed over the semiconductor substrate 1 1 as gate 
electrodes of the respective transistors T r i - T r 4. The gate electrodes Gi - G4 are preferably 
formed from polysilicon. The polysilicon has a sheet resistance of, for example, 100 Q/D, 
and each gate width is, for example, about 80 jam. 
5 A signal line Ls composed of an aluminum alloy is formed in the wiring layer for 

supplying the drive signal The signal line Ls is preferably formed with a segment that 
perpendicularly traverses the gate electrodes Gi - G4 such that the signal line L s passes end 
sections of the gate electrodes Gi - G4. Also, signal lines Lsi - Ls4 are preferably formed in 
a manner to extend over and in parallel with the respective gate electrodes Gi - G4. One end 

10 of the signal lines Lsi - L$4 connect to the signal line Ls. The aluminum alloy has a sheet 
resistance of, for example, 50 mQ/D, 

Three contact holes (Hn - Hi3 ; H21 - H23, H31 - H33 and H41 - H43) are provided over 
each of the gate electrodes Gi - G4. In other words, the contact holes Hn, H21, H31, H41 that 
connect the gate electrode Gi - G4 to the signal line L s are formed at intersections of the 

15 gate electrode Gi - G4 and the signal line Ls as viewed in plan. The two other contact holes 
H12 and H13, H22 and H23, H32 and H33 and H42 and H43 are provided over each of the signal 
lines L S i - L S 4- 

Next, the structure of the driver circuit 10 is described with reference to Figs. 3 
through 5. Fig. 3 is an enlarged view of a region 100 defined by a broken line in Fig. 1 . Fig. 
20 4 is a cross-sectional view taken along a line A - A ? in Fig. 3, Fig. 5 is a cross-sectional 
view taken along a line B - B 5 in Fig. 3. 

Referring to Figs. 3 through 5, the gate electrode G3 is disposed over a gate dielectric 
layer 21 and a pad-like dielectric layer 17 formed over the semiconductor substrate 11. The 
contact hole H32 is formed over the gate electrode G3 in a region where the pad-like 
25 dielectric layer 17 is formed. Furthermore, each end section of the gate electrode G3 is 
disposed over a dielectric layer 12 that forms an element isolation region 12, and contact 
holes H31 and H33 are formed in the respective end sections of the gate electrode G3. 

Similarly, the gate electrode G4 is disposed over the gate dielectric layer 21 and a 
pad-like dielectric layer 15 formed over the semiconductor substrate 11. The contact hole 
30 H42 is formed over the gate electrode G4 in a region where the pad-like dielectric layer 15 is 
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formed. Furthermore, end sections of the gate electrode G 4 are disposed over the dielectric 
layer 12 that forms the element isolation region 12, and contact holes H 4 i and H43 are 
formed in the respective end sections of the gate electrode G4. 

Impurity layers that form a source region or a drain region (herebelow referred to as 
"impurity layers for source/drain regions") 24, 25 and 26 are formed in the semiconductor 
substrate 1 1 on both sides of each of the gate electrodes G 3 and G 4 . Silicide layers 33, 34 
and 35, such as, for example, titanium silicide layers, are preferably formed in part over the 
impurity layers for source/drain regions 24, 25 and 26. The silicide layers 33, 34 and 35 
electrically connect to a wiring layer through contact holes 5 1, 52 and 53. The wiring layer 
is provided to supply a current to the impurity layers for source/drain region 24, 25 and 26. 

The silicide layers 33, 34 and 35 are formed on parts of the impurity layers for 
source/drain region 24, 25 and 26. More specifically, the silicide layers 33, 34 and 35 are 
formed over the impurity layers 24, 25 and 26 at locations removed from the gate electrodes 
G 3 and G 4 . As a result, a protection dielectric layer 31, such as, for example, a silicon oxide 
layer or a silicon nitride layer, is formed as a salicide protection over the impurity layers 24, 
25 and 26 in areas other than the regions where the silicide layers 33, 34 and 35 are formed 
and over the gate electrodes G3 and G 4 . 

Also, the pad-like dielectric layer 17 is formed below the gate electrode G 3 . 
Similarly, the pad-like dielectric layer 15 is formed below the gate electrode G 4 . 

Portions of the gate electrode G 3 located above the pad-like dielectric layer 17 are 
preferably wider, in other words, larger in size as viewed from above, than portions of the 
gate electrode G 3 in regions where the pad-like dielectric layer 17 is not formed. Similarly, 
portions of the gate electrode G 4 located above the pad-like dielectric layer 15 are preferably 
wider, in other words, larger in size as viewed from above, than portions of the second gate 
electrode G 4 in regions where the pad-like dielectric layer 15 is not formed. By enlarging 
portions of the gate electrodes G 3 and G 4 in a manner described above, areas for forming the 
contact holes H 32 and H 42 over the gate electrodes G 3 and G 4 become larger, and the contact 
holes can be more readily formed. 

The pad-like dielectric layers 15 and 17 are formed below the respective gate 
electrodes G 4 and G 3 in the areas where the contact holes H 42 and H 32 are formed. Because 
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the pad- like dielectric layers 1 5 and 1 7 are present between the semiconductor substrate 1 1 
and the contact holes H42 and H32, the gate dielectric layer 21 can avoid the influence of 
stresses that are generated during the formation of the contact holes H42 and H32, and thus 
the transistor characteristic is not deteriorated. Each of the pad-like dielectric layers 15 and 
5 17 may preferably have a greater width as viewed from above than a width of each of the 
gate electrodes G4 and G3 to sufficiently achieve its function described above. 

The contact holes H31 - H33 at the gate electrode G3 and the contact holes H41 - H43 
at the gate electrode G4 are preferably formed at equal intervals, respectively. Because the 
plural contact holes H31 - H33 and H41 - H43 are preferably provided at equal intervals, a 

10 specified potential can be applied more evenly to the gate electrodes G3 and G4. 

The pad-like dielectric layers 17 and 15 are also preferably formed at equal intervals 
in order to dispose the contact holes H31 - H 33 and H41 - H43 in the manner described above. 
More specifically, the pad-like dielectric layer 17 is spaced a distance W2 from one end of 
the gate electrode G3. The pad-like dielectric layer 17 is spaced a distance W2 from the 

15 other end of the gate electrode G3. The pad-like dielectric layer 17 is formed adjacent to the 
impurity layers for source/drain regions 25 and 26, and disposed between the silicide layers 
34 and 35. 

Similarly, the pad-like dielectric layer 15 is spaced a distance W2 from one end of 
the gate electrode G 4 . The pad-like dielectric layer 15 is spaced a distance W2 from the 
20 other end of the gate electrode G4. The pad-like dielectric layer 15 is formed adjacent to the 
impurity layers for source/drain regions 24 and 25, and disposed between the silicide layers 
33 and 34. 

The gate electrode G3 electrically connects to the signal line Ls3 through the contact 
holes H31 - H33. Similarly, the gate electrode G4 electrically connects to the signal line Ls4 
25 through the contact holes H41 - H43. The signal lines L$3 and L S 4 are provided to supply 
current to the gate electrodes G3 and G4, and connected to the gate electrodes G 3 and G4 
through the plural contact holes H31 - H 33 and H41 - H 43 in order to shorten the current 
supply routes to the gate electrodes. 
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The transistors T3 and T4 in accordance with the present embodiment have, for 
example, an overall width Wl that is about 100 jam, and a segment width W2 divided by 
islands of the pad-like dielectric layers 17 and 15, which is, for example, about 40 |j,m. 

Next, a method for manufacturing the driver circuit 10 is described. 
5 The driver circuit 10 is manufactured in the following manner. First, as shown in 

Figs. 4 and 5, an element isolation region 12 and pad-like dielectric layers 15 and 17 may be 
formed on a surface of a semiconductor substrate 1 1 by, for example, a LOCOS method or a 
trench isolation method. Then, a gate dielectric layer 21 is formed over the semiconductor 
substrate 1 1 by a thermal oxidation method. Next, gate electrodes G3 and G4, preferably 
10 composed of doped polysilicon, are formed over the gate dielectric layer 21 . The processes 
described above correspond to a gate electrode forming step of certain embodiments of the 
present invention. 

By conducting an ion implantation using the gate electrodes G3 and G4 as masks, an 
extension layer (not shown) such as an impurity diffusion layer with a low impurity 

15 concentration having an LDD structure is formed over the semiconductor substrate 1 1 . The 
extension layer is formed depending on the requirements that may be determined by the 
device structure. Then, sidewall spacers 27 are provided on both sides of each of the gate 
electrodes G3 and G4 by a known method. Further, an ion implantation is conducted using 
the gate electrodes G3 and G4 and the sidewall spacers 27 as masks and then an annealing is 

20 conducted to form impurity layers for source/drain regions 24, 25 and 26 in the 
semiconductor substrate 1 1 . 

Next, a dielectric layer as a protection insulation layer is deposited over the entire 
surface including the gate electrodes G3 and G4 and the impurity layers for source/drain 
regions 24, 25 and 26 by a CVD method. A silicon oxide layer, a silicon nitride layer or the 

25 like can be used as the protection insulation layer. Then, opening sections are formed in the 
insulation layer at specified regions by an ordinary photolithography process and an etching 
process by a reactive ion etching, with the result that a protection insulation layer 3 1 (that 
corresponds to the dielectric layer 14) is formed. The opening sections are formed in 
regions where silicide layers 33, 34 and 35 (to be described below) are to be formed. Then, 

30 a metal layer (not shown) for a silicide layer, such as, for example, a titanium layer, is 
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deposited over the entire surface including the impurity layers for source/drain regions 24, 
25 and 26 that are exposed through the opening sections. Then, a heat treatment is 
conducted to form silicide layers 33, 34 and 35 on exposed surfaces of the impurity layers 
24, 25 and 26, Then, an interlayer dielectric layer 32 (that corresponds to the dielectric layer 
5 14) is deposited over the entire surface including the silicide layers 33, 34 and 35. 

The process for forming the protection insulation layer 31 and the interlayer 
dielectric layer 32 described above correspond to a dielectric layer forming step of certain 
embodiments of the present invention. 

Then, an ordinary photolithography process and an etching process with a reactive 
10 ion etching may be conducted to form contact holes H31 - H33 in the interlayer dielectric 
layer 32 and the protection insulation layer 3 1 over the gate electrode 63, and also contact 
holes H 4 i - H43 in the interlayer dielectric layer 32 and the protection insulation layer 31 
over the gate electrode G4. 

The process described above corresponds to a contact hole forming step of certain 
1 5 embodiments of the present invention. 

Next, a conducting layer composed of, for example, an aluminum alloy, is deposited 
on inside surfaces of the contact holes H31 - H33 and H41 - H43 and on the interlayer 
dielectric layer 32. 

By the processes described above, the gate electrodes G 3 and G 4 are electrically 
20 connected to the signal lines Ls3 and Ls4 through the contact holes H31 - H33 and H41 - H43. 
A resist is coated over the top, and the resist is patterned using a mask having a specified 
wiring pattern. Then, the aluminum thin film is etched to form wiring layers. These 
processes correspond to a wiring layer forming step of certain embodiments of the present 
invention. 

25 It is noted that the side where the gate electrodes Gi and G2 are present can be 

simultaneously formed with the gate electrodes G3 and G4 using processes similar to those 
described above. 

Next, an operation of the first embodiment is described. 
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When a drive signal is applied to the driver circuit 10 by a driver control circuit, the 
drive signal is inputted from the signal lines L Sj L S i - L S 4 through the three contact holes to 
the respective gate electrodes Gi - G4* 

As a result, the time for the drive signal to reach the entire area of each of the gate 
5 electrodes Gj - G4 becomes shorter and a response to an input of the drive signal becomes 
relatively faster, compared to the case where only one contact hole is formed for each of the 
gate electrodes Gi - G4. 

Next, an embodiment of the present invention is described with reference to Fig. 6. 
Fig. 6 shows a time chart of a drive signal and output signals. In Fig. 6, a dotted line 

10 (number 1 in Fig. 6 legend) indicates an output signal that is provided from the driver circuit 
10 in accordance with the embodiment of the present invention, a dashed line (number 3 in 
Fig. 6 legend) indicates an output signal that is provided from a conventional driver circuit, 
and a dash-and-dotted line (number 4 in Fig. 6 legend) indicates a drive signal that is 
supplied (input) to both of the driver circuits. 

1 5 When a drive signal having a high level for a time duration of about 40 ns (indicated 

by the dash-and-dotted line in Fig. 6) is applied to the conventional driver circuit, the driver 
circuit provides an output signal that rises with a delay being about 10 ns later than a rise of 
the drive signal and falls with a delay being about 19 ns later than a fall of the drive signal, 
as indicated by the dashed line in Fig. 6. 

20 On the other hand, when the same drive signal (indicated by the dash-and-dotted line 

in Fig. 6) is applied to the driver circuit in accordance with this embodiment of the present 
invention, the driver circuit provides an output signal that rises with a delay being about 3 ns 
later than a rise of the drive signal and falls with a delay being about 3 ns later than a fall of 
the drive signal, as indicated by the dotted line in Fig. 6, although the output signal has 

25 relatively large over-shoot and under-shoot. 

Accordingly, it is understood that the driver circuit 10 in accordance with this 
embodiment of the present invention quickly responds to an input of the drive signal 
compared to the conventional driver circuit. 

In the manner described above, in accordance with the present embodiment, three 

30 contact holes are provided for each of the transistors T r i - T r 4 for connecting the gate 
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electrodes of the transistors to the signal lines L s , L S i - L S 4 that are separated from the 
transistors T r i - T r4 by the dielectric layer 14. 

As a result, the time for an input signal to reach the entire area of the gate electrodes 
becomes shorter and a response to an input of a drive signal becomes relatively faster 
compared to the conventional driver circuit. In particular, certain embodiments of the 
present invention may favorably be applied to high power output transistors having a 
relatively large gate width, such as the transistors T r i - T r4 , because such high power output 
transistors can benefit more from the effect in increasing the switching speed provided by 
certain embodiments of the present invention. 

As used herein, the term connection sections refers to electrical connection between 
the signal lines and the gate electrodes. For example, in the first embodiment of the present 
invention described above, the connection sections refer to the contact holes Hn - H13, H21 - 
Hb, H31 - H33 and H41 - H43 including conducting material therein to connect the signal 
lines L s> L S i - L S 4 to the gate electrodes Gi - G 4 . 

Next, a second embodiment of the present invention is described with reference to 
the accompanying drawings. Figs. 7 through 9 relate to a driver circuit and a method for 
manufacturing the same in accordance with the second embodiment of the present invention. 

In the driver circuit that is formed from a semiconductor integrated circuit with a 
multiple wiring layered structure and the method for manufacturing the same in accordance 
with the embodiment, the present invention is applied to inhibit or prevent a delay in a 
response to an input of a drive signal and to reduce noises on an output in the driver circuit. 
As shown in Fig. 7, the driver circuit has transistors T ri - T r4 . A single drive signal is 
applied to each of the transistors T ri - T r4 to drive the transistors T r i - T r4 to thereby drive a 
load. 

First, the driver circuit 10 in accordance with the present embodiment is described 
with reference to Fig. 7. Fig. 7 is a plan view of the driver circuit 10 as viewed in a 
direction in which the layers are stacked. 

As shown in Fig. 7, the driver circuit 10 is formed from a semiconductor integrated 
circuit with a multiple wiring layered structure. For example, the driver circuit 10 has four 
transistors T r i - T r4 . A single drive signal is applied to each of the transistors T r i - T r4 to 

15 
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drive the transistors T r i - T r 4 to thereby drive a load. More particularly, the semiconductor 
integrated circuit forming the driver circuit 10 is formed from a semiconductor substrate, a 
dielectric layer formed over the semiconductor substrate and a wiring layer formed over the 
dielectric layer, 

5 Gate electrodes G\ - G4 are formed over the semiconductor substrate 1 1 as gate 

electrodes of the respective transistors T r i - T r 4- The gate electrodes Gi - G4 are preferably 
formed from polysilicon. The polysilicon has a sheet resistance of, for example, 100 fi/D, 
and each gate width is, for example, about 80 jam. 

A signal line L s composed of, for example, an aluminum alloy, is formed in the 

10 wiring layer for supplying the drive signal. The signal line Ls is formed with a segment that 
perpendicularly traverses the gate electrodes Gi - G4 such that the signal line Ls passes end 
sections of the gate electrodes Gi - G4. Also, signal lines Ls2 - Ls4 are preferably formed in 
a manner to extend over and in parallel with the respective gate electrodes Gj - G4. One 
ends of the signal lines L$2 - Ls4 connect to the signal line Ls. The aluminum alloy has a 

15 sheet resistance of, for example, 50 mQ/D. 

Next, a structure of the driver circuit 10 is described with reference to Fig. 8. Fig. 8 
is an enlarged view of a region 100 defined by a broken line in Fig. 7. Certain reference 
numbers indicated below refer to elements that are the same as those shown in Figs. 1-5. 
The gate electrode G3 is disposed over a gate dielectric layer 21 and a pad-like 

20 dielectric layer 17 formed over the semiconductor substrate 1 1 . The contact hole H32 is 
formed over the gate electrode G3 in a region where the pad-like dielectric layer 17 is 
formed. Furthermore, end sections of the gate electrode G3 are disposed over a dielectric 
layer 12 that forms an element isolation region 12, and contact holes H31 and H33 are formed 
in the respective end sections of the gate electrode G3. 

25 Similarly, the gate electrode G4 is disposed over the gate dielectric layer 21 and pad- 

like dielectric layers 15 and 16 formed over the semiconductor substrate 11. Contact holes 
H42 and H43 are formed over the gate electrode G4 in regions where the pad-like dielectric 
layers 15 and 16 are formed. Furthermore, end sections of the gate electrode G4 are 
disposed over the dielectric layer 12 that forms the element isolation region 12, and contact 

30 holes H41 and H44 are formed in the respective end sections of the gate electrode G4. 
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Impurity layers for source/drain regions 24, 25 and 26 are formed in the 
semiconductor substrate 1 1 on both sides of each of the gate electrodes G3 and G4. Silicide 
layers 33, 34 and 35, such as 5 for example, titanium silicide layers, are formed in part over 
the impurity layers for source/drain regions 24, 25 and 26. The silicide layers 33, 34 and 35 
5 electrically connect to a wiring layer through contact holes 5 1, 52 and 53. The wiring layer 
is provided to supply a current to the impurity layers for source/drain region 24, 25 and 26. 

The silicide layers 33, 34 and 35 are formed on parts of the impurity layers for 
source/drain region 24, 25 and 26. More specifically, the silicide layers 33, 34 and 35 are 
formed over the impurity layers 24, 25 and 26 at locations removed from the gate electrodes 
10 G3 and G4. As a result, a protection dielectric layer 3 1 , such as, for example, a silicon oxide 
y;j layer or a silicon nitride layer, is formed as a salicide protection over the impurity layers 24, 

pi 25 and 26 in areas other than the regions where the silicide layers 33, 34 and 35 are formed 

and over the gate electrodes G3 and G4. 
fy Also, the pad-like dielectric layer 17 is formed below the gate electrode G3. 

* s 15 Similarly, the pad-like dielectric layers 15 and 16 are formed below the gate electrode G4. 
P Portions of the gate electrode G3 located above the pad-like dielectric layer 17 are 

q preferably wider, in other words, larger in size as viewed from above, than portions of the 

^ gate electrode G3 in regions where the pad-like dielectric layer 17 is not formed. Similarly, 

N= portions of the gate electrode G4 located above the pad-like dielectric layers 15 and 16 are 

20 preferably wider, in other words, larger in size as viewed from above, than portions of the 
second gate electrode G4 in regions where the pad-like dielectric layers 15 and 16 are not 
formed. By enlarging portions of the gate electrodes G3 and G4 in a manner described 
above, areas for forming the contact holes H32, H42 and H43 over the gate electrodes G 3 and 
G4 become larger, and the contact holes can be more readily formed. 
25 The pad-like dielectric layers 15, 16 and 17 are formed below the respective gate 

electrodes G4 and G 3 in the areas where the contact holes H42, H 43 and H 32 are formed. 
Because the pad-like dielectric layers 15, 16 and 17 are present between the semiconductor 
substrate 1 1 and the contact holes H42, H43 and H 32 , the gate dielectric layer 21 can avoid the 
influence of stresses that are generated during the formation of the contact holes H42, H43 and 
30 H32> and thus the transistor characteristic is not deteriorated. Each of the pad-like dielectric 
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layers 15,16 and 1 7 may preferably have a greater width as viewed from above than a width 
of each of the gate electrodes G4 and G3 to preferably achieve its function described above. 

The contact holes H31 - H33 at the gate electrode G3 and the contact holes H41 - H44 
at the gate electrode G4 are formed at equal intervals, respectively. Because in this 
5 embodiment, the plural contact holes H31 - H33 are H41 - H44 are provided at equal intervals, 
a specified potential can be applied more evenly to the gate electrodes G3 and G4. 

The pad-like dielectric layers 17, 16 and 15 are also preferably formed at equal 
intervals in order to dispose the contact holes H31 - H33 and H41 - H44 in the manner 
described above. More specifically, the pad-like dielectric layer 17 is spaced a distance W2 
10 from one end of the gate electrode G3, The pad-like dielectric layer 17 is spaced a distance 
W2 from the other end of the gate electrode G3. Also, the pad-like dielectric layer 17 is 
preferably formed adjacent to the impurity layers for source/drain regions 25 and 26, and 
disposed between the silicide layers 34 and 35. 

Similarly, the pad-like dielectric layers 15 and 16 are spaced a distance W3 from one 
15 another. The pad-like dielectric layer 15 is spaced a distance W3 from one end of the gate 
electrode G4. The pad-like dielectric layer 16 is spaced a distance W3 from the other end of 
the gate electrode G4. The pad-like dielectric layers 15 and 16 are formed adjacent to the 
impurity layers for source/drain regions 24 and 25, and disposed between the silicide layers 
33 and 34. 

20 The gate electrode G3 electrically connects to the signal line L$3 through the contact 

holes H31 - H33. Similarly, the gate electrode G4 electrically connects to the signal line Ls4 
through the contact holes H41 - H44. The signal lines Ls3 and L$4 are provided to supply 
currents to the gate electrodes G3 and 64, and connected to the gate electrodes G3 and G 4 
through the plural contact holes H31 - H33 and H41 - H44 in order to shorten the current 

25 supply routes to the gate electrodes. 

The transistors T3 and T 4 in accordance with the present embodiment have, for 
example, an overall width Wl that is about 100 jam, and a segment width W3 divided by 
islands of the pad-like dielectric layers 15 and 16, which is, for example, about 27 pm. 
Next, a method for manufacturing the driver circuit 10 is described. 

30 The driver circuit 10 is manufactured in the following manner. 
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First, an element isolation region 12 and pad-like dielectric layers 15, 16 and 17 are 
formed on a surface of a semiconductor substrate 1 1 by a LOCOS method or a trench 
isolation method. 

Then, a gate dielectric layer 21 may be formed over the semiconductor substrate 1 1 
5 by a thermal oxidation method. Next, gate electrodes G3 and G4, preferably composed of 
doped poly silicon are formed over the gate dielectric layer 21 . The processes described 
above correspond to a gate electrode forming step of certain embodiments of the present 
invention. 

By conducting an ion implantation using the gate electrodes G 3 and G 4 as masks, an 
10 extension layer (not shown) such as an impurity layer with a low impurity concentration 
f j having an LDD structure may be formed over the semiconductor substrate 1 1 . The 

;f extension layer is formed depending on the requirements that may be determined by the 

Q device structure. Then, sidewall spacers 27 are provided on both sides of each of the gate 

S s 

jU electrodes G3 and G4 by a known method. Further, an ion implantation is conducted using 

* * 15 the gate electrodes G3 and G4 and the sidewall spacers 27 as masks and then an annealing is 

HI 

s conducted to form impurity layers for source/drain regions 24, 25 and 26 in the 

^ semiconductor substrate 1 1 . 

£? Next, a dielectric layer as a protection insulation layer is deposited over the entire 

q surface including the gate electrodes G3 and G4 and the impurity layers for source/drain 

^ 20 regions 24, 25 and 26 by a CVD method. A silicon oxide layer, a silicon nitride layer or the 
like can be used as the protection insulation layer. Then, opening sections are formed in the 
insulation layer at specified regions by an ordinary photolithography process and an etching 
process with a reactive ion etching, with the result that a protection insulation layer 3 1 (that 
corresponds to the dielectric layer 14) is formed. The opening sections are formed in 
25 regions where silicide layers 33, 34 and 35 (to be described below) are to be formed. Then, 
a metal layer (not shown) for a silicide layer, such as, for example, a titanium layer, is 
deposited over the entire surface including the impurity layers for source/drain regions 24, 
25 and 26 that are exposed through the opening sections. Then, a heat treatment is 
conducted to form silicide layers 33, 34 and 35 on exposed surfaces of the impurity layers 
30 24, 25 and 26. Then, an interlayer dielectric layer 32 (that corresponds to the dielectric layer 
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14) is deposited over the entire surface including the silicide layers 33, 34 and 35. The 
process for forming the protection insulation layer 3 1 and the interlayer dielectric layer 32 
described above correspond to a dielectric layer forming step of certain embodiments of the 
present invention. 

5 Then, an ordinary photolithography process and an etching process with a reactive 

ion etching are conducted to form contact holes H 3 i - H33 in the interlayer dielectric layer 32 
and the protection insulation layer 3 1 over the gate electrode G 3 , and also contact holes H41 
- H44 in the interlayer dielectric layer 32 and the protection insulation layer 31 over the gate 
electrode G4. 

10 The process described above corresponds to a contact hole forming step of certain 

embodiments of the present invention. 

Then, a metal layer composed of, for example, an aluminum alloy is deposited on 
inside surfaces of the contact holes H31 - H33 and H41 - H44 and on the interlayer dielectric 
layer 32, 

15 By the processes described above, the gate electrodes G3 and G4 are electrically 

connected to the signal lines Ls 3 and Ls4 through the contact holes H31 - H 33 and H41 - H44. 
A resist is coated over the top, and the resist is patterned using a mask having a specified 
wiring pattern. Then, the aluminum thin film is etched to form wiring layers. These 
processes correspond to a wiring layer forming step of an embodiment of the present 

20 invention. 

It is noted that the side where the gate electrodes Gi and G2 are present can be 
simultaneously formed with the gate electrodes G3 and G4 using processes similar to those 
described above. 

Next, an operation of the second embodiment is described. 

25 When a drive signal is applied to the driver circuit 10 by a driver control circuit, the 

drive signal is inputted from the signal lines Ls ; L$2 - L$4 through the different number of 
contact holes to the respective gate electrodes Gi - G 4 . For example, the drive signal is 
inputted in the gate electrode Gi through one contact hole Hn, in the gate electrode G 2 
through two contact holes H21 and H 2 2 ? in the gate electrode G 3 through three contact holes 

30 H31 - H33, and in the gate electrode G4 through four contact holes H41 - H44. 
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As a result, the times for the drive signal to reach the entire area of each of the gate 
electrodes Gj - G 4 are different. In other words, since the drive signal is inputted in the gate 
electrode G 4 through the four contact holes H 4 i - H 44 , the amount of current that flows in the 
gate electrode G 4 is large, and therefore the time for the drive signal to reach the entire area 

5 of the gate electrode G 4 is fastest among the four gate electrodes Gi - G 4 . On the other 

hand, the drive signal is inputted in the gate electrode Gi through the single contact hole Hn, 
the amount of current that flows in the gate electrode Gi is small, and therefore the time for 
the drive signal to reach the entire area of the gate electrode Gi is slowest among the four 
gate electrodes Gi - G 4 . 

10 As a result, the transistors T r i - T r4 start switching at different timings from one 

another. 

Next, this embodiment of the present invention is described with reference to Fig. 9. 
Fig. 9 shows a time chart of a drive signal and output signals. In Fig. 9, a solid line (number 
2 in Fig. 9 legend) indicates an output signal that is provided from the driver circuit 10 in 

15 accordance with the embodiment of the present invention, a dashed line (number 3 in Fig. 9 
legend) indicates an output signal that is provided from a conventional driver circuit, and a 
dash-and-dotted line (number 4 in Fig. 9 legend) indicates a drive signal that is supplied to 
both of the driver circuits. 

When a drive signal having a high level for a time duration of about 40 ns (indicated 

20 by the dash-and-dotted line in Fig. 9) is applied to the conventional driver circuit, the driver 
circuit provides an output signal that rises with a delay being about 10 ns later than a rise of 
the drive signal and falls with a delay being about 19 ns later than a fall of the drive signal, 
as indicated by the dashed line in Fig. 9. 

On the other hand, when the same drive signal (indicated by the dash-and-dotted line 

25 in Fig. 9) is applied to the driver circuit in accordance with the embodiment of the present 
invention, the driver circuit provides an output signal that rises with a delay being about 4 ns 
later than a rise of the drive signal and falls with a delay being about 5 ns later than a fall of 
the drive signal, as indicated by the solid line in Fig. 9. Also, it is recognized that current 
noises are reduced compared to the driver circuit 10 in the first embodiment. 



21 
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Accordingly, it is understood that the driver circuit 10 in accordance with this 
embodiment of the present invention quickly responds to an input of the drive signal 
compared to the conventional driver circuit, and current noises may be reduced compared to 
the driver circuit 10 in accordance with the first embodiment. 

5 In the manner described above, in accordance with the present embodiment, contact 

holes are provided in different numbers for the transistors T r i - T r 4 for connecting the gate 
electrodes of the transistors T r i - T r4 to the signal lines L s , L S2 - L S4 that are separated from 
the transistors T r i - T r4 by the dielectric layer 14. 

As a result, the time for an input signal to reach the entire area of the gate electrodes 

10 becomes shorter and a response to an input of a drive signal becomes relatively faster 
compared to the conventional driver circuit. Furthermore, the transistors T r i - T r4 start 
switching at different timings. Accordingly, compared to the driver circuit 10 in accordance 
with the first embodiment, additional effects are obtained. For example, the voltage on the 
power supply line that supplies a current to the transistors T r i - T r 4 does not shift greatly, the 

1 5 current noise is reduced, and noises are difficult to be generated on the output. In particular, 
the present embodiment may favorably be applied to high power output transistors having a 
relatively large gate width, such as the transistors T r i - T r4 , because such high power output 
transistors can benefit more from the effects of increasing the switching speed and 
differentiating the switching timings provided by this embodiment of the present invention. 

20 In the second embodiment of the present invention described above, the connections 

sections include the contact holes Hn, H 2 i - H 22 , H 3 i - H 33 and H 4 i - H 44 containing 
conductive material therein to form a contact between the gate electrodes Gi-G 4 and the 
signal lines Ls, Ls 2 - Ls 4 . 

It is noted that three contact holes are provided for each of the transistors T r i - T r4 in 

25 accordance with the first embodiment, and different numbers of contact holes are provided 
for the transistors T r i - T r4 in accordance with the second embodiment. However, the 
present invention is not limited to the embodiments described above. The structures of the 
embodiments described above may be combined in appropriate manners to prevent a delay 
in a response to an input of a drive signal and reduce noises on an output. For example, 

30 three contact holes may be formed for the gate electrode Gi, four contact holes for the gate 

22 
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electrode G 2 , five contact holes for the gate electrode G3, and six contact holes for the gate 
electrode G4. 

Also, in a driver circuit and a method for manufacturing the same in accordance with 
the first embodiment of the present invention, the driver circuit 10 has four transistors T r i - 
5 T r 4. However, the present invention is not limited to this embodiment. Certain 

embodiments of the present invention are applicable to a driver circuit 10 that has any 
number of transistors more or less than four transistors as long as the driver circuit 10 has at 
least one transistor. 

Also, in the first embodiment, three contact holes are provided for each of the gate 
10 electrodes Gi - G4. However, the present invention is not limited to this embodiment. 
CI Contact holes in a smaller number or a greater number can be provided for each of the gate 

rf electrodes Gi - G4 as long as a plurality of contact holes are provided for each of the gate 

O electrodes Gi - G4. In the later case, the time for an input signal to reach the entire area of 

m. the gate electrodes becomes shorter and a response to an input of a drive signal becomes 

15 quicker. 

■3 Also, in a driver circuit and a method for manufacturing the same in accordance with 

jrH the second embodiment of the present invention, the driver circuit 10 has four transistors T r i 

O - T r4 . However, the present invention is not limited to this embodiment. Certain 

Q embodiments of the present invention are applicable to a driver circuit 10 that has any 

20 number of transistors more or less than four transistors as long as the driver circuit 1 0 has a 
plurality of transistors. 

Also, in accordance with the first embodiment and the second embodiment of the 
present invention, the driver circuit 10 is formed over a semiconductor substrate 11. 
However, the present invention is not limited to this embodiment. For example, a 
25 semiconductor region may be formed over an SIO substrate or a glass substrate, and a driver 
circuit 10 may be formed over the semiconductor region. In other words, a substrate for 
forming the driver circuit 10 is not limited to a semiconductor substrate 1 1, but can be 
provided by a substrate including a semiconductor region or semiconductor layer. 

Also, in the driver circuit and the method for manufacturing the same in accordance 
30 with the first embodiment of the present invention, as shown in Fig. 1, the driver circuit is 



U.S. Express Mail Label No.: EH 954 249 158 US 



15.36/5659 



formed from a semiconductor integrated circuit with a multiple wiring layered structure and 
has transistors T r i - T r 4, in which a single drive signal is applied to each of the transistors T r i 
- T r 4 to drive the transistors T r i - T r 4 to thereby drive a load. This embodiment of the 
present invention is applied to inhibit or prevent a delay in a response to an input of a drive 

5 signal in the driver circuit. However, certain embodiments of the present invention are also 
applicable to other cases without departing the subject matter of the present invention. 

Also, in a driver circuit and a method for manufacturing the same in accordance with 
the second embodiment of the present invention, as shown in Fig. 7, the driver circuit is 
formed from a semiconductor integrated circuit with a multiple wiring layered structure and 

10 has transistors T r i - T r 4, in which a single drive signal may be applied to each of the 
transistors T r i - T r4 to drive the transistors T r i - T r4 to thereby drive a load. This 
embodiment of the present invention is applied to inhibit or prevent a delay in a response to 
an input of a drive signal in the driver circuit and to reduce noises on an output. However, 
embodiments of the present invention are also applicable to other cases without departing 

1 5 the subject matter of the present invention. 

As described above, various effects are obtained by the driver circuits described 
above. For example, the time for an input signal to reach the entire area of the gate 
electrodes is shortened, and a response to an input of the drive signal becomes relatively 
faster, compared to the conventional structure. In particular, in case of a high power output 

20 transistor that has a relatively large gate width, greater effects are obtained in increasing the 
switching speed. Accordingly, the application of certain embodiments of the present 
invention are more preferable in the case of a high power output transistor. 

Furthermore, by the driver circuits according to certain embodiments, at least two of 
the plural transistors start switching operations at different timings. As a result, the voltage 

25 on the power supply line that supplies a current to the transistors does not shift greatly, the 
current noise is reduced, and noises are difficult to be generated on the output, compared to 
the driver circuits of other embodiments. In particular, certain embodiments of the present 
invention can favorably be applied to high power output transistors having a relatively large 
gate width, because such high power output transistors can benefit more from the effects of 
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increasing the switching speed and differentiating the switching timings provided by certain 
embodiments of the present invention. 

Furthermore, by the driver circuits according to certain embodiments, at least two of 
the plural transistors start switching operations at different timings. As a result, the voltage 
on the power supply line that supplies a current to the transistors does not shift greatly, the 
current noise is reduced, and noises are difficult to be generated on the output. In particular, 
certain embodiments of the present invention can favorably be applied to high power output 
transistors having a relatively large gate width, because such high power output transistors 
can benefit more from the effects of increasing the switching speed and differentiating the 
switching timings provided by embodiments of the present invention. 

Various effects are obtained by the method for manufacturing a driver circuit 
according to certain embodiments of the present invention. For example, the time for an 
input signal to reach the entire area of the gate electrodes is shortened, and a response to an 
input of the drive signal becomes relatively faster, compared to the conventional structure. 
In particular, certain embodiments of the present invention are favorably applied in the case 
of a high power output transistor that has a relatively large gate width, because greater 
effects are obtained in increasing the switching speed. 
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